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Abstract: 
TG combined with MS has been used to study the thermal decomposition of a 
synthetic aurichalcite with varying copper-zinc ratios from 0.1:0.9 to 0.5:0.5.  In 
general, five decomposition steps are observed at 235, 280, 394, 428 and 805°C. The 
principal mass loss step increases in temperature from 255 °C (0.1/0.9) to 300 °C 
(0.5/0.5). MS using ion current curves show that the OH units and carbonate units 
decompose simultaneously and the two decomposition steps after the main 
decomposition are attributed to the decomposition of ZnCO3 and CuCO3. A higher 
temperature decomposition at around 805 °C, based upon the ion current curves is 
assigned to the decomposition of CuO to Cu. The thermal decomposition of 
aurichalcite offers a method of preparing metal oxides mixed at the molecular level 
making the thermally activated aurichalcites as suitable for use as catalysts 
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Introduction 
 
The mineral aurichalcite (Zn,Cu2+)5(CO3)2(OH)6 is one of a large number of 
highly coloured copper bearing minerals [1-3]. Aurichalcite forms in the oxidation 
zones of zinc-copper deposits. Crystals are grass green to pale blue-green [4], acicular 
and fibrous and often found in aggregates.  Aurichalcite will often partially cover red 
limonite and be associated with such colourful minerals as rosasite, azurite, 
smithsonite and malachite. Aurichalcite may be confused with rosasite minerals 
(Cu2+,Zn)2(CO3)2(OH)2 because of their similar appearance [5-8]. Rosasite minerals 
including glaukosphaerite; kolwezite; mcguinnessite are usually more massive and 
not lamellar [5]. Other related hydroxy carbonates are nullaginite and pokrovskite.  It 
appears that aurichalcite is similar to hydrozincite and both minerals are formed under 
the same conditions when copper is present in the solution [9]. Williams further states 
that up to one quarter of the cation sites are occupied by Cu2+ [9]. In this work 
synthetic aurichalcite are prepared with wide variation in the Cu/Zn ratio.  Greater 
concentrations of copper normally give rise to other discrete phases such as malachite 
and rosasite. Interestingly the range of substitution of other transition metal ions in the 
hydrozincite lattice is very limited. The minerals in the hydroxy carbonate group have 
been synthesised because of their potential as catalysts [2]. Further studies of 
synthetic hydroxy carbonates incorporated Al3+ into the structures [10].   
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Anthony et al. reports aurichalcite to be acicular to lathlike crystals with 
prominent crystal growth along the [010] axis, commonly striated parallel to [001] 
axis. The mineral is of point group 2/m and space group P21/m [11].   Based on the 
structure the symmetry of the carbonate anion is Cs. The accurate X-ray 
crystallography of aurichalcite is difficult to obtain because of its very small 
interwoven needles which makes obtaining single crystal studies difficult [3, 11-13].  
Harding et al. [13]showed the positions in the structure of aurichalcite are 
octahedrally coordinated. The atom positions occupied by zinc have tetrahedral 
coordination.   
 
Recently thermogravimetric analysis has been applied to some complex 
mineral systems [14-27] and it is considered that TG-MS analysis may also be 
applicable to many carbonate minerals [18, 28-32].  Very few thermo-analytical and 
spectroscopic studies of the hydroxy carbonates have been forthcoming and what 
studies that are available are not new [15, 20, 21, 25-27, 33-42]. To the best of the 
authors’ knowledge no thermo-analytical studies of aurichalcite have been 
undertaken, especially in recent times [43, 44]; although differential thermal analysis 
of some related minerals has been published [3].   
 
The thermal decomposition of aurichalcite results in the formation of a 
mixture of metal oxides of CuO and ZnO. Both these oxides may function as catalysts 
and photo-catalysts [45-51]. The thermal activation of aurichalcite results in the 
formation of the oxide mixture, mixed at the molecular level and not at the particle 
level. In this work we report the thermogravimetric analysis of synthetic aurichalcite 
with variation in the Cu:Zn ratio.  
 
Experimental 
 
Synthesis of aurichalcite 
 
The mineral (Zn,Cu2+)5(CO3)2(OH)6  was synthesised with different ratios of 
Cu to Zn. Williams inferred from studies of natural aurichalcite minerals that the 
highest ratio of Cu to Zn in aurichalcite is 1:3 [9]. A common formula for natural 
aurichalcite is Cu1.25Zn3.75(CO3)2(OH)6.  In this work aurichalcites were synthesised 
with a Cu/Zn ratio of 0.1:0.9, 0.25:0.75, 0.4: 0.6 and 0.5: 0.5.   
 
Synthesis of ideal products was modelled on the procedure by Fujita et al. 
[52].  A solution of metal ions (M2+) was prepared by mixing appropriate 
concentrations of 1.5M Cu(NO3)2 and Zn(NO3)2 that correspond to the required metal 
concentrations. Synthesis of the lower copper concentrations of aurichalcite 
(Cu<50%) was carried out by adding dropwise 100 mL of a 1.5M M2+ solution via a 
peristaltic pump to 1000 mL  of 0.2M HCO3- solution at 338K. The relatively 
sensitive nature of aurichalcite to acidic (pH<6) conditions precluded the use of the 
depleting methods mentioned in the literature [53] in order to obtain optimum yields 
of high phase purity aurichalcite. Saturated sodium bicarbonate was added at a quasi-
constant rate in order to maintain a pH ≈ 7.15, the samples were then aged for 30 
minutes at 338K under constant stirring. Aged samples were vacuum filtered and 
washed with hot, degassed, demineralised water. Samples were then dried overnight 
at 373K. 
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X-ray diffraction 
 
Powder X-Ray Diffraction analyses were performed on a Phillips X-Ray 
diffractometer (radius: 173.0 mm).  Incident X-ray radiation was produced from a 
long fine focused C-Tech PW1050 Co X-ray tube, operating at 40 kV and 32 mA. 
The incident beam passed through a 1 ° divergence slit, a 15 mm fixed mask and a 1 ° 
fixed anti scatter slit.  The detector was set in scanning mode, with an active length of 
2.022 mm.  Samples were analysed utilising Bragg-Brentano geometry over a range 
of 3 – 75 ° 2θ with a step size of 0.02 ° 2θ, with each step measured for 200 seconds.  
Thermal analysis 
 
Thermal decomposition of the aurichalcite samples was carried out in a TA® 
Instruments incorporated high-resolution thermogravimetric analyzer (series Q500) in 
a flowing nitrogen atmosphere at a rate of 90 cm3 min-1. Approximately 20 mg of 
sample underwent thermal analysis, with a heating rate of 5°C min-1, with high 
resolution, to 1000°C.  With the quasi-isothermal, quasi-isobaric heating program of 
the instrument the furnace temperature was regulated precisely to provide a uniform 
rate of decomposition in the main decomposition stage.  
 
The TG instrument was coupled to a Balzers (Pfeiffer) mass spectrometer for 
EGA. Water vapour, hydroxyl groups, carbon dioxide, mono and diatomic oxygen 
were analyzed; diatomic nitrogen was analyzed in order to evaluate the background 
signal of the spectrometer.  
 
RESULTS AND DISCUSSION 
 
X-ray diffraction and EDX analysis 
 
 The X-ray diffraction patterns for the synthesised aurichalcite together with 
two reference patterns are shown in Figure 1.  The XRD patterns for Cu/Zn 
aurichalcite from 0.1/0.9; 0.25/0.75, 0.4/0.6 and 0.5/0.5 are shown. No minor 
impurities are observed.  
 
Thermal analysis of Cu0.5 Zn4.5(CO3)2(OH)6.   
 
The thermal analysis of the 0.1:0.9 (Cu:Zn) synthetic aurichalcite is shown in 
Figure 2a.   The ion current curves for the evolved gases of the 0.1:0.9 (Cu:Zn) 
synthetic aurichalcite are shown in Figure 2b. A summary of the Thermogravimetric 
analyses are shown in Table 1.  This table reports the decomposition temperatures 
determined as peak maxima in the DTG curves for each of the synthetic aurichalcites 
studied.   Thermal decomposition occurs at 200°C with a mass loss of 2.65%, 224°C 
with a mass loss of 1.68%. The major mass loss occurs at 255°C with a mass loss of 
20.66%. Two other minor thermal decomposition steps are observed at 355 and 
781°C. 
 
It is proposed that the following chemical reaction occurs during the thermal 
decomposition of aurichalcite. At the temperatures 200, 224 and 255 °C the following 
reaction occurs: 
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Cu0.5 Zn4.5(CO3)2(OH)6 → 0.5ZnCO3  + 0.5CuCO3  + 4ZnO +  + 3H2O +CO2 
 
The ion current curves (Figure 2b) give an indication of the thermal decomposition 
according to the gas evolution.  For the ion current curve of m/Z=44 (CO2) gas 
evolution occurs at 224, 255 and 355°C. For the m/Z = 18 and 17, maxima are 
observed at 200, 255 and 355°C.  This water vapour evolution is assigned to the 
thermal decomposition of the OH units. Thus it is concluded that fundamentally the 
CO2 and OH units are lost simultaneously at 255 and 355°C.  The m/Z=16 curve 
assigned to oxygen evolution shows maximum at 255°C. Thus in the thermal 
decomposition, the transition of ZnCO3 and CuCO3 to the oxides and then the metal is 
suggested. The m/Z=16 and 32 show a maxima at 781°C. This gas evolution is 
attributed to the decomposition of the metal oxides to the metal. 
 
Thermal analysis of Cu1.25 Zn3.75(CO3)2(OH)6.   
 
The thermal analysis of the 0.25:0.75 (Cu:Zn) synthetic aurichalcite is shown 
in Figure 3a.   The ion current curves for the evolved gases of the 0.25:0.75 (Cu:Zn) 
synthetic aurichalcite are shown in Figure 3b. Thermal decomposition of 
Cu1.25Zn3.75(CO3)2(OH)6 is similar to that of Cu0.5 Zn4.5(CO3)2(OH)6.  Five thermal 
decomposition steps, as determined by the maxima of the DTG peaks,  are observed at 
235, 280, 394, 428 and 805°C with mass losses of 3.95, 18.69, 2.47, 2.10 and 1.53%. 
The ion current curve for m/Z=44 indicates CO2 is lost at 235, 280, 394 and 428°C. 
The ion current curves for m/Z=17 and 18 show that OH units are lost at the peak 
maxima of 235 and 280 °C.  These results suggest that the OH units and carbonate 
units decompose simultaneously at 235 and 280 °C and that the decomposition steps 
at 394 and 428 °C are associated with the decomposition of ZnCO3 and CuCO3.  The 
ion current curve for m/Z=16 shows some oxygen is lost at DTG peak maxima 235, 
280, 394 and 428 °C. More importantly significant amounts of oxygen are observed in 
the ion current curve at the peak maximum, of 805 °C. It is suggested this results from 
the decomposition of CuO and ZnO. 
 
Thermal analysis of Cu2Zn3(CO3)2(OH)6.   
 
The thermal decomposition of 2:3 aurichalcite shows two steps at 235 and 280 °C 
with mass losses of 3.95 and 18.69%. Two more mass loss steps at 394 and 428 °C 
with mass losses of 2.47 and 2.10% are found.  A higher temperature mass loss of 
1.53% is observed at 805°C. The maxima in the ion current curves for m/Z=17 and 18 
occurs at 235 and 280 °C. This proves that the OH units of aurichalcite are being lost 
at these temperatures. The theoretical mass loss of OH units is given by 102/546.7 = 
18.66%. The total experimental mass loss at these temperatures is 22.64% i.e. is 3.98 
% too high. The study of the ion current curves for m/Z=44 shows that CO2 is evolved 
at 235 and 280 °C as well as 394 and 428 °C. This additional mass loss therefore is 
attributed to the decomposition of carbonate in aurichalcite.  These results support the 
assumption that CO2 and H2O are lost simultaneously.   
 
It is proposed that the following chemical reactions occur during the thermal 
decomposition of aurichalcite. 
 
At the DTG peak maxima temperature 235 and 280 °C 
(Zn2,Cu3)(CO3)2(OH)6  → ZnCO3  + CuCO3  + 4ZnO + 4CuO + 3H2O +CO2 
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At the temperature 394 °C 
CuCO3 → CuO +CO2  
The results reported in Figure 2 shows that some traces of oxygen (m/Z=16) are lost 
at 394 and 428 °C.  
At the temperature 428 °C 
ZnCO3 → ZnO +CO2 
At the temperature 805 °C 
2CuO → Cu2O +1/2O2  
CuO→ Cu +1/2O2  
The data for m/Z =32 (Figure 2) shows that oxygen is liberated at MS peak maxima 
805°C.  The amount of oxygen expected to be lost theoretically is 2.92%. The amount 
of oxygen lost at 805 °C is 1.53%. The difference may be accounted for by the 
oxygen which is lost at the ion current maxima of 394 and 428°C.  
 
 
Thermal analysis of Cu2.5Zn2.5(CO3)2(OH)6.   
 
 The thermal analysis of the 0.5: 0.5 (Cu:Zn) synthetic aurichalcite is shown in 
Figure 4a.   The ion current curves for the evolved gases of the 0.5: 0.5 (Cu:Zn) 
synthetic aurichalcite are shown in Figure 4b. The principal mass loss occurs at DTG 
peak maxima of 300°C with a 14% mass loss.  A small mass loss of 1.89% occurs at 
355 °C.  A large mass loss of 7.2% is found at DTG peak maxima  of 433°C. A higher 
temperature mass loss of 3.75% occurs at 815°C. The ion current curves (m/Z=17 and 
m/Z=18) for this thermal decomposition show that H2O is the evolved gas at 300 and 
355 °C.  The ion current curves for m/Z=44 show that CO2 is evolved at 229, 300, 
355 and 433 °C.  The ion current curve for m/Z=32 shows that O2 is evolved at 815 
°C. The results support the assumption for the 2:3 aurichalcite that OH units and 
(CO3)2- units decompose simultaneously.  
 
The effect of composition on the thermal decomposition of synthetic aurichalcite 
 
 Figure 5 displays the effect of change in the chemical composition on the 
DTG curves of the synthetic aurichalcite. This figure clearly shows that the effect of 
increasing the Cu content of the hydrotalcite results in the increase in temperature of 
the principle thermal decomposition step. For 10/90 Cu/Zn the maximum in the DTG 
curve occurs at DTG peak maxima 255°C; for 20/80 the peak is at DTG peak maxima 
275°C; for 25/75 the peak is at DTG peak maxima 280°C. As the Cu content is 
increased the peak shifts to 300°C. This implies the synthesised aurichalcites with 
higher Cu content are more stable. 
 
CONCLUSIONS 
 
Synthetic aurichalcite was prepared with variation of the Cu/Zn ratio from 
0.1/0.9 to 0.5/0.5. Thermal decomposition of aurichalcite provides a method for 
preparing mixed oxide catalysts [54]. This research reports methodology for the 
synthesis of mixed CuO-ZnO mixed metal oxides based upon the thermal 
decomposition of aurichalcite.  Because the thermal decomposition of aurichalcite 
results in the evolution of water and CO2, it means that the mixed metal oxides can be 
formed with high purity and are mixed at the molecular level rather than the 
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particulate level. The effect of increasing the Cu/Zn ratio results in an increase in the 
temperature of decomposition of the aurichalcite. This variation is shown in Figure 7. 
The DTG peak temperature of the synthetic aurichalcite increases with % CuO. Thus 
certain mixed oxides may be better for application as photocatalysts because of higher 
thermal stability.   
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 Mineral Composition from Synthesis 
Decomposition 
Stage 
50-50 
DTG peak maxima 
40-60 
DTG peak maxima 
25-75 
DTG peak maxima 
20-80 
DTG peak maxima 
10-90 
DTG peak maxima 
1st 220°C 3.77% 225°C 3.77% 235°C 3.95% 228°C 3.55% 200°C 2.65% 
2nd 300°C 14.00% 290°C 17.00% 280°C 18.69% 275°C 20.99% 224°C 1.68% 
3rd 355°C 1.89% 355°C 2.0% 394°C 2.47% 372°C 2.19% 255°C 20.66% 
4th 433°C 7.27% 433°C 7.5% 428°C 2.10% 355°C 1.96% 
5th 815°C 3.75% 815°C 4.0% 805°C 1.53% 815°C 1.49% 781°C 0.74% 
 
 
Table 1 Summary of the TG analyses of the samples according to the Cu/Zn ratio of the synthesised aurichalcites.
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Figure 4a   Cu/Zn 50:50 
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